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ABSTRACT 
Seed quality is an important determinant in 
field performance and marketable yields of crop 
production. Low quality and small quantities of 
available seeds are major constraints in African 
leafy vegetable (ALV) production and limit the 
ability to provide farmers more options for 
growing health food. Capacity building was 
done through the Horticultural Innovation Lab, 
programme to assist farmer groups to produce 
quality ALV seed using the semi-informal seed 
system (SSS) for the dissemination of five newly 
released, high yielding improved ALV varieties. 
The ALVs seed plots were monitored by 
programme implementers during seed 
production. Thereafter, to determine the quality 
of ALVs seed produced through the SSS, seed 
samples of African nightshade (Solanum 
scabrum), spider plant (Cleome gynandra) and 
amaranth (Amaranth cruentus) were collected 
from farmer group members in Nandi South 
and Busia Counties.  Another set of seed samples 
of the same species of vegetables produced 
through the Informal seed system (ISS), were 
sourced from the local market in Kakamega for 
quality comparison with seeds from the SSS. 
Seed quality parameters tested were physical 
purity, pure live seeds (PLS) and germination 
percentage at the Kenya Agricultural Research 
and Livestock Organization (KALRO) 
laboratory in Kakamega. The seed quality 
results are reported here and show that there is 
little difference in quality between semi-formal 
and informal seed systems, but in both cases, 
each of these systems produce seed quality 
below national seed standards (physical purity 
is 98%, PLS and Germination is 75 % for 
amaranth and 50% for other ALV seeds). There 
was no difference in the seed quality from the 
ISS and SSS. Mean scores for physical purity 
were ISS (91%), SSS (90%); PLS were ISS 
(29%) and SSS (31%) and Germination percent 
were ISS (33%) and SSS (35%). Seed quality 
between the vegetable species also showed no 
significant differences. The results reflect the 
limitations of farmers producing seed through 
the semi-formal to manage their seed plots 
during crop growth, harvesting and processing, 
and storage of seeds. Given that the majority of 
ALV growers access their seed through these 
seed systems, greater attention is needed to 
strengthen both the ISS and SSS systems. 
Ndinya et al.: Assessment of Seed Quality of Selected African Leafy Vegetables P
 270 
INTRODUCTION 
Appreciation for African leafy vegetables 
(ALVs) in Kenya is in part due to their medicinal 
values and high nutritive contents (Abukutsa-
Onyango, 2010; Ayua and Omware, 2013). Other 
advantages are food security and adaptability to 
marginal agricultural production areas and their 
ability to provide dietary diversity in poor rural 
communities (Weller et al., 2015; Maseko et al., 
2017; Hoffman et al., 2018).  
The special attributes of ALVs have 
encouraged research that has mainly been directed 
towards identification, characterization of 
traditional landraces and development of 
agronomic packages and evaluation of nutrient 
contents. (Afari-Sefa et al., 2011).  Breeding of 
ALVs in Africa has a short and limited history as 
reviewed by Mnzava et al. (1999). Nevertheless, 
the national agricultural research institutions 
NARS, universities in the continent and the World 
Vegetable Centre have made strides and evaluated, 
tested and developed many new improved ALV 
varieties. Most of the new varieties are open 
pollinated   
Increase in demand for ALVs has led to 
increased demand for seed that has made seed 
become a crucial input and constraint in expanding 
commercialization efforts and in ensuring access to 
high quality seeds by farmers and even family 
gardeners (Kanslime et al., 2018; Weller et al., 
2015). Women mainly conduct seed production 
under the informal seed system, with over 90 
percent of ALVs growers saving their own seed  
(Croft et al., 2017).  The quality of ALVs seed 
purchased in local markets cannot be guaranteed 
and yet seed quality is such a critical determinant 
of vegetable and seed yields (Louwars and De 
Boef, 2012).  
The meaning of the term ‘seed quality’ as used 
here is the overall value of seed depending on the 
requirements and intended purpose of the user that 
can include seed mass, storability, vigour, and 
reliable emergence for farmers; longevity and 
maintenance of genetic integrity for gene-banks (Li 
et al., 2017) and absence of disease that would be 
carried onto the next generation. Attributes of seed 
quality include genetic purity, physical purity, 
germination capacity and vigour, moisture content 
and seed health (George, 1987).  A quality seed is 
a seed that possesses high genetic purity, high 
physical purity, good germination rate, and is free 
from diseases and pests, and has proper moisture 
content. 
A seed system refers to the different ways by 
which farmers access seed, including the different 
actors in the seed chain from breeding to marketing 
(Muthoni and Nyamongo, 2008). In Kenya, seed 
systems have been broadly divided into two 
groups: formal and informal systems. The informal 
seed system is the main source of seed of the 
traditional crops in Kenya (Munyi and De Jonge, 
2015). About 80% of smallholder farmers depend 
on the informal system for their seed (Biemond, 
2013). The quality of seed from the formal system 
is guided and regulated by the government 
regulatory bodies but supplies only 3-30% of seeds 
of a limited number of crops and improved varieties 
(Hirpa et al., 2010). Given ALVs are considered 
minor or underecognized crops relative to all 
agronomic and commercial seed crops, the relative 
percentage of Kenyans accessing ALVs seeds 
using the informal system is likely far higher than 
the 80%. 
An alternative approach that can improve seed 
quality and support the informal system is the semi-
formal or integrated seed system where the 
strengths of formal and informal system are 
combined (Almekinders, 2000, Francis and 
Waithaka, 2014). This can include the introduction 
of improved varieties and strict standards for seed 
production that ensure high seed quality within the 
informal seed system (or seed chain). The semi-
formal seed system is regarded as an improved 
alternative seed supply system that can provide 
opportunities for establishing linkages with formal 
institutions to produce good quality seed and meet 
farmers’ different seed requirements (Rajendrana 
et al., 2016).  
The Horticulture Innovation Lab project on 
African Indigenous Vegetables focused on African 
leafy greens or ALVs, with support by USAID, 
brought together KALRO, AMPATH, Rutgers 
University, Purdue University and the World 
Vegetable Center to conduct activities with the 
objective to enhance the production of ALVs in 
western Kenya between 2015 and 2019. During the 
implementation period, five new improved 
varieties of ALVs sourced from World Vegetable 
Center (WorldVeg) were field tested and released 
by the Kenya government for commercial 
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production starting in 2018. To make seeds of these 
newly released improved varieties more rapidly 
available, accessible and affordable, farmer groups 
were trained in quality seed production of African 
nightshade (Solanum scabrum), spider plant 
(Cleome gynandra) and Amaranth (Amaranth 
cruentus). This project aimed to increase farmers’ 
access to the six new improved varieties, to ensure 
the grower groups could produce sufficient quality 
seed of ALVs, thereby increasing ALV production 
using the semi-formal seed system (SSS). 
Farmer groups were provided with breeder seed 
of the six released ALV varieties to speed up 
production of seeds and quickly make them 
available to their communities. Following the path 
or process used by the formal system would have 
required far longer before adequate seed would be 
supplied to majority of the farmers, and at a higher 
price point. Visits were made by project 
implementers, and farmers were provided with 
trainings as to how best to produce and save seed. 
Generally, it was left to the community seed 
growers to champion this effort following trainings 
and to use the knowledge gained during their 
trainings to ensure that the seed produced would be 
of good quality. In 2020, a study was conducted 
with the objectives of evaluating the quality of seed 
produced by the project farmers using the semi-
formal system and to compare with the quality of 
seed from the Informal seed system (ISS). 
MATERIALS AND METHODS 
Study area. The study was conducted in 2020 in the 
counties of Busia, Kakamega and Nandi South 
found in western Kenya. Seed samples were 
collected from farmers and seed sellers in the 
counties. The study areas receive rainfall in two 
seasons – from late March to June, and July to 
November. More rainfall was received in the first 
season, March to June. Evaluation of the farmers’ 
seed quality was conducted at Kenyan Agriculture 
and Livestock Research Organization (KALRO) 
laboratory in Kakamega. 
Seed sampling. Samples of seed (30 g to 50 g) were 
collected from seed lots produced by 27 farmers 
(12 men and 15 women) in 2019. The amount of 
seed saved by these farmers was not more than 3kg 
per species per farmer. The number of seed samples 
collected from farmers practicing (SSS) were six 
for African nightshade, seven for spider plant and 
16 for amaranth. Seed samples collected from 
farmers (the semi-formal seed producers) were of 
the new improved varieties of ALVs, two African 
nightshade varieties, one spider plant and two 
amaranth varieties. A second set of seeds was 
obtained from seed vendors from the local 
Kakamega county market. The varieties of seed 
bought from vendors could not be determined at the 
point of sale. Seed samples collected were five each 
for African nightshade, spider plant and amaranth. 
The number of seed samples collected depended on 
what was available with the recruited farmers at the 
time of collection. 
Purity analysis. Seed testing was done for physical 
purity (pure seed and pure life seed) and 
germination percentage based on the ISTA (1999) 
rules. A working sample of 20g seed was drawn 
from each collected sample to determine the degree 
of the seed purity. The working sample was sorted 
by hand and divided into three components, pure 
seed, seeds of other species and inert matter. The 
components were weighed and recorded in grams 
to three decimal places. The physical pure seed 
percentage was calculated as: Pure seed (%) = 
weight of pure seed divided by working sample 
seed weight multiplied by 100. Pure live seed is the 
percentage of viable seed in a given seed sample. 
The purpose of calculating the PLS is to gauge the 
percentage of seed that will germinate and grow 
into healthy plants from a seed lot. Pure live seed 
(germination capacity) was calculated by 
multiplying the physical purity percentage by the 
total germination percentage of a seed sample (% 
Purity * % Germination Rate / 100 = % PLS) as 
described in International Seed Testing Association 
rules (ISTA, 1999). 
Germination testing. The objective of the 
germination test was to determine the maximum 
germination capacity of the seed sampled. A 
completely randomized design was used for 
germination tests. Each working sample included 
400 seeds that were divided into four replicates of 
100 seeds each. The blotting paper was used as the 
substrate and the top paper (TP) placement method 
was applied for all the seeds. The planted seed 
samples were kept at room temperatures of 22-240 
C for 16 days. Germination test data were collected 
in five categories. Percentage of germinated normal 
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seedling, abnormal seedling, and un-germinated 
seeds. Seeds that germinated normally were 
counted first and removed.  Those seeds that 
germinated into abnormal seedlings or did not 
germinated were counted at the end and classified 
as abnormal or un-germinating seeds.  
Data analysis. Data obtained from purity and 
germination tests were subjected to analysis of 
variance (ANOVA) using SAS software to 
determine significant differences. The mean 
comparison was done using the least significant 
difference (LSD) test at 5% level. Descriptive 
analysis was conducted to show trends in purity 
and germination using the Microsoft Excel 
program.  
RESULTS 
Analyses were conducted for a total of 49 
samples. The results showed that the physical 
purity, the PLS and germination percentage from 
both the ISS and SSS were below the required 
national requirement of 98% for physical purity 
and 78% for amaranth, 50% for PLS and 
germination in African nightshade and spider plant 
vegetables. There were no significant differences 
(NSD) between the ISS and SSS in seed purity 
(P>0.6), PLS (P>0.5) and germination percent 
(P>0.6). The mean scores for physical purity were 
ISS (91%) and SSS (90%), for PLS were ISS (29%) 
and SSS (31%), and for germination percent were 
ISS (33%) and SSS (36%) (Table 1). Seed quality 
between the vegetable species also showed no 
significant differences. The mean scores for 
physical purity were 91%, 91% and 87% for 
amaranth African nightshade and spider plant 
respectively; those for PLS were amaranth (35%), 
African nightshade (28%) and spider plant (27%). 
Germination percentages were, 37%, 31% and 31% 
for amaranth, African nightshade and spider plant 
respectively (Table 1).  
Physical purity. Regarding seed physical 
purity, only three out of 17 of samples from the ISS 
and 9 out of 32 samples from the SSS had purity 
values of 98% and above. These are the samples 
that met the minimum national standard for purity 
of basic or commercial seed in Kenya. (Fig.1). In 
the vegetables species, amaranth had 10 out of 23 
and the African nightshade two out of 14 seed 
samples with purity percentage of 98 and above. 
All the spider plant seed samples registered seed 
purity values less than 98%. The highest purity 
percentage recorded in spiderplant was 97%, a 
sample sourced from Mwombe, but samples with 
the lowest purity percentages were from amaranth 
samples at 51 % and 53 %, sourced from Olayo and 
Nagambo (Fig. 2). 
Pure live seed. Seed samples from the ISS and 
SSS had very low pure live seed levels.  Only two 
out of 17 seed samples from the ISS and three out 
of 32 seed samples from the SSS had PLS of above 
50% (Fig. 3). The seed samples showed varied PLS 
results in both the ISS (0% to 57 %) and SSS (0% 
to 95%).   The lowest PLS values in the vegetable 
species of 0% were recorded from amaranth and 
African nightshade seed samples (Fig. 4). The 
samples with 0% germination were sourced Masia 
Luma, Omurai, Nangabo and Mkt10. Samples from 
Masia and Luma were African nightshade seeds, 
but samples from Mkt10, Omurai and Nangabo 
were amaranth seeds (Fig 4). 
Germination. Only two seed samples from ISS 
with a germination percentage of 55 and 59 met the 
national requirement of 50% and above. In the SSS 
only 3 out 32 seed samples would qualify as quality 
seed. (Fig. 5). Among the vegetable species only 
two seed samples of amaranth sourced from Taboo 
and Laval germinated as required at 89% and 96 % 
respectively.  Spider plant had one sample with a 
very good germination percentage of 79. It was 
sourced from Almasi.  Three samples of African 
nightshade had good germination at 55%, 59% and 
68%. These were sourced from Mkt11 and Mkt 5 
and Almasi respectively. The lowest germination 
percentages in amaranth, African nightshade and 
spider plant were 0%, 1% and 13%, respectively, 
while the highest germination percentages in that 
order were 96%, 68% and 79% (Fig. 6). 
DISCUSSION 
Seed purity. From the purity results of the 
study, farmers appreciate clean seed even in the 
informal seed system. The average seed physical 
purity of 91% (Table 1) in the ISS was expected to 
have lower purity levels than the results showed 
because ALVs have very small seeds and are 
difficult to clean. Furthermore, traditionally, soil, 
ash and cow dung are commonly added to the 
ALVs seeds as seed dresser to control pests 
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(Ndinya, 2003). Soil is also added to seed during 
planting to avoid exceeding the seed rate per area. 
The addition of soil and ash contributed to the 
lower purity levels of seed samples analysed, 
although the practice is important to farmers for 
seed protection. According to Kenyan national 
standards, the recommended seed purity level is 
98% (KEPHIS, 2020), but only 20% of the current 
samples met this requirement. Lowering the 
physical purity requirement of 98% cannot be 
recommended especially where seeds are being 
sold to the general public, as seed production of 
ALVs need to be aligned to national and 
international standards.  Seed quality is considered 
superior when the percentage purity is above 98% 
(Odongo et al., 2015).  
The (PLS) as a means of expressing seed 
quality, is helpful in calculating the required seed 
rate that ensures the recommended stand count of a 
crop is obtained during production. The low PLS 
mean values of 29-35% (Table 1) in the seed 
samples tested in this study, suggest that farmers 
using these seeds would have to use seed rates three 
times the recommended amounts to achieve the 
same correct plant populations in their farms. The 
observed high seed rate used by women ALV 
farmers could be a way to overcome the low PLS 
problem and obtain the desired plant populations in 
their vegetable gardens. 
Germination. Germination percentages of seed 
samples from the ISS and SSS were very low for 
the minimum national requirement of 70% for 
ALVs (KEPHIS, 2020). Farmers would want to 
ensure that they plant seeds that have a high 
germination percentage and produce good 
seedlings. However, both the ISS and SSS did not 
meet the ALV farmers’ needs of high seed 
germination. Unlike in other crops, seed production 
of African nightshade, spider plant and vegetable 
amaranth is solely for seed as an input and cannot 
be converted to grain. So whenever seed 
germination is low, all the seed still has to be 
planted or discarded. Quality of seed determines 
the success of crops in terms of yield and product 
quality and when farmers plant low-quality seed 
they risk poor field establishment and low plant 
vigour (Matthews et al., 2012). The necessity of 
high quality seed for the growth and development 
of the ALVs sector cannot be underestimated 
(Francis and Waithaka, 2014).  
The variation of germination and viability of 
seeds from year to year and from one production 
site to another has been attributed to differences in 
environmental factors in space and time, including 
temperature and soil moisture (Li et al., 2017). 
Seeds sourced from the market showed great 
variation in germination. The extremely low 
quality of ALVs seed may not just be as a result of 
poor management by farmers.  
Germination capacity in Amaranth was found 
to be a response to temperatures. Ye and We (2017) 
compared the effects of high temperature and water 
stress on seed germination in two varieties each of 
spiny amaranth and edible amaranth. As was 
expected the invasive spiny amaranth seeds exhibited 
higher tolerance to both continuous and daily periodic 
high-temperature treatment at 45°C compared to edible 
amaranth seeds. Unexpectedly, edible amaranth seeds 
exhibited higher germination at extreme temperatures 
(10°C, 15°C, and 40°C)’ Modi (2007) found that seed 
germination capacity significantly decreased ((P < 
0.01) for all amaranth species when seed 
production took place under cool and hot 
temperatures, but germination improved in 
response to after-ripening. In another study of grain 
amaranth (A. cruentus and A. hypochondriucus). 
Loonat et al., (2003) found that only A. 
hypochondriacus could germinate  (70%) well at 
temperatures as low as 12°C.  A. cruentus had a poor 
germination of less than 1% at the same temperature, 
but generally the overall germination was improved by 
increasing the temperature. 
Factors that affect seed quality. The extremely 
low quality of ALV seed may not just be as a result 
of poor management by farmers. Factors that affect 
seed quality are the biological characteristics of a 
species (Nanduri et al., 2017) and production 
practices namely, agronomy and post-harvest 
practices notably seed storage conditions. Seed 
deterioration that leads to loss of vigour can occur 
quickly or slowly depending on the biochemical 
changes in cell membrane integrity, enzyme 
activity and protein synthesis, that are determined 
by genetic constitution, environment at seed 
development stage (Shaban, 2013) and physical 
damage during harvesting and processing and 
storage conditions (Castillo, 1992).   
Genetic factors, the inherent capacity of seed to 
resist environmental and mechanical effects on 
seed quality affect negatively certain types of crops 
like spider plant that are naturally short lived. 
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Spider plant is characterized by low germination 
especially when planted immediately after harvest 
(Muasya et al., 2009). However, different levels of 
dormancy also occur in the African nightshade and 
amaranth as well. Sohindji (2020) suggested that to 
break dormancy store seed for a period of 6 months 
to one year, alternating in the dark temperatures 
between 20-300 C, scarifying seeds by puncturing 
at the radicle end, soaking seeds for 12 hours and 
gene identification and breeding. Seed germination 
and seed dormancy processes are still seemingly 
unclear for many ALVs, thereby limiting farmers’ 
production due to loss of seed viability and 
resulting in poor and delayed.  
Environmental stresses such as nutrient 
deficiency, water shortage and grading that come 
about due to poor crop management, can lead to 
low seed quality (FAO, 2018). Njonjo et al. (2019) 
attributed the poor physical quality of ISS to failure 
to rogue out off-types during seed crop production, 
inappropriate harvesting and shelling practices and 
poor processing, and storage conditions. The 
extraction of African nightshade seeds from berries 
is a challenge to many farmers. Improper seed 
extraction leads to poor seed quality. During 
storage, if seeds are kept at high moisture content, 
temperature and relative humidity, deterioration 
will be rapid due to mould growth. Storing seeds in 
the tropics is a challenge because of the high 
temperatures and relative humidity (Croft et al., 
2013). Temperature alternation was found to 
increase germination in species of amaranth 
(Steckel et al., 2004). Seed quality can be affected 
at any stage of crop production, whether vegetative, 
reproductive or post-harvest (drying, processing 
and storage), and therefore, sound management 
should always be practiced. 
The common perception is that seeds from the 
ISS are the most inferior compared to the other 
systems but some studies indicated the contrary and 
that the issue of seed quality is of equal important 
across the seed system (Gebeyu et al., 2019). 
Results of the current study agree with a survey 
from in western Kenya, in which only 12% of 70 
trained contact farmers provided with initial seed 
produced quality seed for their use (Abukutsa-
Onyango, 2010). In contrast, other studies 
indicated good germination and seed quality that 
resulted from farmers’ produced seed. Odongo et 
al. (20l5) reported that all spider plant accessions 
collected from farmers in western Kenya in 2014 
had at least 80% germination value. 
CONCLUSIONS 
Results for seed from both the ISS and SSS 
showed physical purity and germination 
percentages that were below the national 
requirement. The physical and physiological 
qualities of seed from the SSS were not superior to 
those from the ISS contrary to common perception. 
Considering the increasing demand of ALVs, and 
the quality level reflected from this study, the 
ALVs seed sector development is crucial in 
meeting the consumer’s needs.  
Strengthening both the informal and semi-
formal seed systems in ALVs is an urgent priority 
so that the poor seed quality of ALVs is 
successfully addressed and growers can access 
highest quality seeds in the easiest and most rapid 
way possible. Seed policies in Kenya as in other 
countries are naturally focused on the formal seed 
system. Yet policies should also be developed for 
the SSS and ISS, considering that they are the main 
source of seed and thus food for farmers in Kenya. 
These policies should be more supportive rather 
than regulatory. More technical support should be 
provided to ISS and SSS in ALVs by training 
farmers.  Post- harvest operations and seed 
processing of AVLs among small-scale farmers are 
usually manual and labour intensive. Development 
of small equipment for harvesting, cleaning and 
sorting would assist in improving seed purity. 
Western Kenya climate is humid, often with high 
rainfall and the changing weather attributed to 
climate change only makes the seed chain more 
vulnerable. This poses challenges in the drying and 
storage of seed. Innovation in solar or wood-fuelled 
drying equipment could help improve the drying 
and consequently the germination of AIV seeds. 
Multiplication rates of most ALV seeds are high 
and a few plants are able to produce much seed. 
Therefore, increasing the seed quantities should not 
be a challenge so long as pest and diseases that may 
affect seed production are managed. Future 
investigations should be done to determine other 
biotic and abiotic factors that contribute to low 
quality of ALV seeds.
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Table 1: Mean scores for physical purity (%), Pure live seed percentage and germination percentage in Western Kenya 
 Seed system Vegetable species 
Seed quality parameter ISS SSS LSD (0.05) Amarant
h 
African nightshade Spider plant  LSD (0.05) 
Physical purity (%) 91 90 7.23 91 91 87 8.81 
PLS (%) 29 31 14.10 35 28 27 17.19 
Germination (%) 33 36 14.98 37 31 31 18.25 
 LSD indicates least significant difference between the means at the required level of probability (P≤0.05) 
 
 
Figure 1. Seed purity (%) of 49 seed samples collected from informal and semi-formal seed systems in  western Kenya. 
 
  












































































































































































































































































































































































Amaranth African nightshade Spiderplant
Ndinya et al.: Assessment of Seed Quality of Selected African Leafy Vegetables P
 276 
 























































































































































































































































































































































































Amaranth African nightshade Spider plant
Journal of Medicinally Active Plants Vol. 9, Iss. 4 [],
 277 
 
































































































































































































































































































































































































Amaranth African nightshade Spider plant
Ndinya et al.: Assessment of Seed Quality of Selected African Leafy Vegetables P
 278 
ACKNOWLEDGEMENTS 
This research was supported by the Horticulture 
Innovation Lab with funding from the U.S. Agency for 
International Development (USAID EPA-A-00- 09- 
00004), as part of the U.S. Government’s global hunger 
and food security initiative, Feed the Future, for project 
titled ‘‘Improving nutrition with African indigenous 
vegetables’’ in eastern Africa. The contents are the 
responsibility of the Horticulture Innovation Lab and do 
not necessarily reflect the views of USAID or the 
United States Government. We also thank the Director 
General KALRO for administrative and logistical 
support, and the World Vegetable Center and long-
term strategic donors to the World Vegetable 
Center: Republic of China (Taiwan), UK aid from 
the UK government, United States Agency for 
International Development (USAID), Australian 
Centre for International Agricultural Research 
(ACIAR), Germany, Thailand, Philippines, Korea, 
and Japan. 
REFERENCES 
Abukutsa-Onyango, M. 2010. African indigenous 
vegetables in Kenya: Strategic repositioning in 
the Horticulture Sector. Nairobi: JKUAT. 
Afari-Sefa, V., Tenkouano, A., Ojiewo, C., 
Keatinge, J., and Jd’A, H. 2012. Vegetable 
breeding in Africa: Constraints, complexity 
and contributions toward achieving food and 
nutritional security. Food Security. 4: 115-
127. 10.1007/s12571-011-0158-8. 
 Almekinders, C.J.M. and Louwaars, N. 2000. 
Farmers' seed production: New approaches 
and practices. Intermediate Technology 
Publication Ltd., London UK 
Ayua, E. and Omware J. 2013. Assessment of 
processing methods and preservation of 
African leafy vegetables in Siaya County. 
Global Journal of Biology Agriculture and 
Health Sciences. 2(2): 46-48. ISSN: 2319 – 
5584 
Biemond, P.C. 2013. Seed quality in informal 
seed systems. PhD thesis, Wageningen 
University, the Netherlands. ISBN 978 94 
6173 642 0 
Castillo, A.G. 1992. A study on production factors 
affecting seed vigour in garden peas (Pisum 
sativum L.) and the relationships between 
vigour tests and seed lot field and storage 
performance. PhD thesis, Massey university, 
Palmerstone North, New Zealand. 
Croft, M., Bicksler, A., Manson, J., Burnette, R. 
2013. Comparison of appropriate tropical seed 
storage techniques for germplasm 
conservation in mountainous sub-tropical 
climates with resource constraints. 
Experimental Agriculture. 49(02) DOI: 
10.1017/S0014479712001251 
Croft, M.M., Marshall, M.I., Odendo, M., Ndinya, 
C., Ondego, N.N., Obura, P., and Hallett, S.G. 
2017. Formal and informal seed systems in 
Kenya: Supporting indigenous vegetable seed 
quality. Journal of Development Studies. 
54(4): 758–775. 
FAO. 2018. Seed production and handling manual 
for community based seed producers and 
inspectors. Lilongwe. 46 pp 
Francis, J.A. and Waithaka, M. 2014. 
CTA/ASARECA Policy Brief: Seed systems, 
science and policy. Seed systems, science and 
policy in East and Central Africa. Technical 
Centre for Agricultural and Rural Cooperation. 
Wageningen, The Netherlands,  CTA. ISBN: 
978-92-9081-571-6 
Gebeyehu, G., Kangile, J., and Mwakatobe E. 
2019. Assessment of seed quality along the 
rice seed value chain in Tanzania, 
Development in Practice. 29(7): 854-866. 
DOI: 10.1080/09614524.2019.1641181 
George, R.A.T. 1987. Review of the factors 
affecting seed yield and quality. ISHS Acta 
Horticulturae. 215. 
DOI:10.17660/ActaHortic.1987.215.1 
Hirpa, A., Meuwissen, M.P.M., Tesfaye, A., 
Lommen, W.J.M., Lansink, A.O., Tsegaye, A., 
Struik, P.C. 2010. Analysis of seed potato 
systems in Ethiopia. American Journal of 
Potato Research. 87: 537–552. 
https://doi.org/10.1007/s12230-010-9164-1 
Hoffman, D., Merchant, E., Byrnes, D.R., and 
Simon, J.E. 2018. Preventing micronutrient 
deficiencies using African Indigenous 
Vegetables in Kenya and Zambia. Sight and 
Life. 32(2): 177-181.  
International Seed Testing Association. 1999. 
International rules for seed testing. Rules 
1999. Seed science and Technology. 27: 19-41 
Kanslime, M.K., Karanja, D., Alokit, C., and 
Justus, O. 2018. Derived demand for African 
Journal of Medicinally Active Plants Vol. 9, Iss. 4 [],
 279 
indigenous vegetable seed: Implications for 
farmer-seeed entrepreneurship development. 
International Food & Agribusiness 
Management Association. 21(6):1-17. DOI. 
10.22434/IFAMR2017.0095. 
KEPHIS, 2020. KEPHIS Seed inspection manual. 
KEPHIS Nairobi. 
Li, R., Chen, L., Wu, Y., Zhang, R., Baskin, C.C., 
Baskin, J.M., and Hu, X. 2017. Effects of 
cultivar and maternal environment on seed 
quality in Vicia sativa. Front. Plant Sci. 
8:1411. doi: 10.3389/fpls.2017.01411 
Loonat, T.A., van den Heever, E., and Hammes, 
P. 2003. Effect of temperature on the 
germination of grain Amaranth, South African 
Journal of Plant and Soil. 20(3):152-153. DOI: 
10.1080/02571862.2003.10634925  
Louwaars, N.P. and De Boef, W.S. 2012. 
Integrated seed sector development in Africa: 
A conceptual framework for creating 
coherence between practices, programs, and 
policies. Journal of Crop Improvement. 26:39–
59.  DOI: 10.1080/15427528.2011.611277 
Matthews, S., Noli, E., Demir, I., Khajeh-
Hosseini, M., and Wagner, M.H. 2012. 
Standardization evaluation of seed quality: 
from physiology to standardization. 
International Seed Science  Research. 22: 
S69–S73 doi:10.1017/S0960258511000365 q 
Cambridge University Press  
Maseko, I., Mabhaudhi, T., Tesfay, S., Araya, 
H.T., Fezzehazion M., and Du Plooy, C.P. 
2018. African leafy vegetables: A review of 
status, production and utilization in South 
Africa. Sustainability. 10(1):16. 
DOI.org/10.3390/su10010016 
Maredia, M.K., Shupp, R., Opoku, K., Mishili, F., 
Reyes, B., Kusolwa, P., Kusi, F., and Kudra, 
A. 2019. Farmer perception and valuation of 
seed quality: Evidence from bean and cowpea 
seed auctions in Tanzania and Ghana. 
Agricultural Economics. 50:495–507. 
https://doi.org/10.1111/agec.12505 
Mnzava, N.M., Dearing, J.A., Guarino, L., and 
Chweya, J.A. 1999. Bibliography of the 
genetic resources of traditional African 
vegetables. Neglected leafy green vegetable 
crops in Africa Vol. 2. International Plant 
Genetic Resources Institute, Rome, Italy. 
Mody, T.A. 2007. Growth temperature and plant 
age influence on nutritional quality of 
Amaranthus leaves and seed germination 
capacity.  Water SA 3(3) (Special Edition) 
ISSN 0378-4738 
Muasya, R.M., Simiyu, J.N., Muui, C.W., Rao, 
N.K., Dulloo, M.E., and Gohole, L.S. 2009. 
Overcoming seed dormancy in Cleome 
gynandra L. to improve germination. Seed 
Technology. 31(2):134-143 
Munyi, P. and De Jonge, B. 2015. Seed systems 
support in Kenya: Consideration for an 
integrated seed sector development approach. 
Journal of Sustainable Development. 8(2):161-
172. ISSN 1913-9063 E-ISSN 1913-9071 
Muthoni, J. and Nyamongo, D.O. 2008. Seed 
systems in Kenya and their relationship to on-
farm conservation of food crops. Journal of 
New Seeds. 9(4): 330-342 
doi:10.1080/15228860802492273 
Nanduri, K.R., Dulloo, M.E., and Engels, J.M.M. 
2017. A review of factors that influence the 
production of quality seed for long-term 
conservation in genebanks. Genetic Resources 
and Crop Evolution. 64(5):1061-1074 DOI: 
10.1007/s10722-016-0425-9 
Ndinya, C. 2003. Seed production, supply systems 
and seed quality of three African leafy 
vegetables in Kakamega District. M. Phil. 
Thesis. Moi University, Kenya. 
Njonjo, M.W., Muthomi, J.W., and Mwang’ombe, 
A.W. 2019. Production practices, postharvest 
handling, and quality of cowpea seed used by 
farmers in Makueni and Taita Taveta Counties 
in Kenya. International Journal of Agronomy. 
1:1-12. DOI: 10.1155/2019/1607535  
Odongo, J., Wesonga, J., and Abukutsa-Onyango, 
M. 2015. Evaluation of seed quality of 
collected spider plant (Cleome Gynandra L.) 
accessions in various regions of Kenya. The 
2015 JKUAT Scientific Conference, 
Agricultural Sciences, Technologies and 
Global Networking 37 D.  
Rajendrana, S., Afari-Sefa, V., Karanja, D.K., 
Musebed, R., Romneye, D., Makaranga, M.A., 
Samalig, S., and Radegunda F.K. 2016. 
Farmer-led seed enterprise initiatives to access 
certified seed for traditional African 
vegetables and its effect on incomes in 
Tanzania. International Food and Agribusiness 
Management Review. 19(1):24. 
Ndinya et al.: Assessment of Seed Quality of Selected African Leafy Vegetables P
 280 
DOI: 10.22004/ag.econ.230831. 
Shaban, M. 2013. Study on some aspects of seed 
viability and vigor. International Journal of 
Advanced Biological and Biomedical 
Research. 1(12):1692-1697 
Steckel, L.E., Sprague, C.L., Stoller, E.W., and 
Wax, L.M. 2004. Temperature effects on 
germination of nine Amaranthus species. 
Weed Science. 52(2): 217-221. 
Sohindji, F.S., Dêêdi, F.S., Sogbohossou, E.O., 
Zohoungbogbo, H.P.F., Houdegbe, C.A., and 
Achigan-Dako, E.G. 2020. Understanding 
molecular mechanisms of seed dormancy for 
improved germination in traditional leafy 
vegetables: An overview. Agronomy. 
10(1):57. 
https://doi.org/10.3390/agronomy10010057 
Walsh, S., Remington, T., Kugbei, S., and Ojiewo, 
C.O. 2015. Review of community seed 
production practices in Africa Part 1: 
Implementation strategies and models. 
Proceedings Workshop Proceedings, Dec 9-
11, 2013. FAO, Rome & ICRISAT Addis 
Ababa. 176 pp. 
Weller, S.C., Van Wyk, E., and Simon, J.E. 2015. 
Sustainable production for more resilient food 
production systems: case study of African 
Indigenous Vegetables in Eastern Africa. Acta 
Horticulturae. 1102: 289-298. 
Ye, J. and Wen, B. 2017 Seed germination in 
relation to the invasiveness in spiny amaranth 
and edible amaranth in Xishuangbanna, SW 
China. PLoSONE. 12(4): e0175948. 
https://doi.org/ 10.1371/journal.pone.0175948.
 
Journal of Medicinally Active Plants Vol. 9, Iss. 4 [],
